Purpose: This study describes the development and pilot testing of the Observational System for Recording Physical Activity-Elementary School (OSRAC -E) Version. Method: This system was developed to observe and document the levels and types of physical activity and physical and social contexts of physical activity in elementary school students during the school day. Interobserver agreement scores and summary data were calculated. Results: All categories had Kappa statistics greater than .80, with the exception of the activity initiator category. Interobserver agreement scores were 96% or greater. The OSRAC -E was shown to be a reliable observation system that allows researchers to assess physical activity behaviors, the contexts of those behaviors, and the effectiveness of physical activity interventions in the school environment. Conclusion: The OSRAC -E can yield data with high interobserver reliability and provide relatively extensive contextual information about the physical activity of students in elementary schools.
Although the rate of obesity has reached a plateau, prevalence remains high (Ogden, Carroll, Kit, & Flegal, 2014) and efforts to understand the development of overweight and obesity, especially in children, are still necessary. Although it is well accepted that poor diet and physical inactivity are the primary contributing factors leading to obesity (Koplan, Liverman, Kraak, & Committee on Prevention of Obesity in Children and Youth, 2005) , the underlying factors related to these behaviors (genetic, physiological, social-cognitive, family and peer, and school and community) are still unknown (Pate et al., 2013) . Most adults assume that children are active beings by nature, but researchers have found that even at early ages, inactive pursuits may outweigh active choices (McKenzie et al., 1997; Pate, McIver, Dowda, Brown, & Addy, 2008; Pate, Pfeiffer, Trost, Ziegler, & Dowda, 2004) . Given that the overwhelming majority of elementary school-aged children attend public or private school classes for extended hours for most days of the year, the opportunity for children to engage in healthy physical activity during school is an especially important issue. Moreover, the prevalence of children and youth meeting the recommended levels of physical activity is low, and school-based physical activity is average at best (National Physical Activity Plan Alliance, 2014).
Physical activity research in children must consider the environments in which children are active. With schools playing an important role in delivering opportunities for children to be active, it is important to adequately assess physical activity in this setting and inform policymakers on what is working and what is not working. Whereas investigators have used proxy reports (parent and/or teacher) and accelerometry to measure physical activity in elementary school-age children, these two measurement tools lack specificity for describing the types of activities in which children participate during the school day and the contexts of those activities. Some researchers have used direct observation to evaluate specific active parts of the school day, such as physical education and recess periods (McKenzie, Marshall, Sallis, & Conway, 2000a , 2000b Skala, Springer, Sharma, Hoelscher, & Kelder, 2012) . The categories for these systems are specific to instruction (System for Observing Fitness Instruction Time [SOFIT] for physical education) or setting (System for Observing Play and Leisure Activity in Youth [SOPLAY] for outdoor play/recess) and therefore leave out a large chunk of the school experience for children. To our knowledge, no direct observational system allows researchers to observe children's activity across multiple school settings throughout the school day. Rich contextual information has been especially lacking outside of physical education and recess periods. Extensive contextual information about the physical and social circumstances in which activity occurs across the school day may be very important for describing and ultimately improving activity in the school environment (McKenzie & van der Mars, 2015; National Physical Activity Plan Alliance, 2014) . The purpose of this study was to further develop direct observation systems (i.e., the Observational System for Recording Physical Activity -Elementary School-Preschool [OSRAC -P] and Observational System for Recording Physical Activity -Home [OSRAC -H]) that provide information on physical activity behaviors and the physical and social environmental contexts associated with those behaviors for elementary school-age children (Observational System for Recording Physical Activity -Elementary School [OSRAC -E]). Additionally, we performed pilot testing of the system to assess interrater agreement and provide preliminary findings. The OSRAC -E will provide researchers with a tool to collect unique information on physical activity in a wide variety of contexts within elementary schools.
Methods

System development
The OSRAC-E was created as an extension of the battery of OSRAC direct observation systems (OSRAC -P, Brown et al., 2006; OSRAC-H, McIver, Brown, Pfeiffer, Dowda, & Pate, 2009 ). Using the OSRAC-P as a guide, the OSRAC-E was developed with the goal of collecting physical activity information on the physical and social environmental contexts specific to elementary school settings. The OSRAC-P consists of eight categories with accompanying codes that describe physical activity behaviors (activity levels and behavioral topographies) and the environmental (locations, indoor contexts, outdoor contexts) and social (group compositions, activity initiators, prompts for activity) circumstances associated with those behaviors. While part of our goal was to keep certain categories consistent across the various OSRAC systems (physical activity levels, physical activity topographies, group compositions, activity initiators, prompts for activity), development of the OSRAC -E focused on creating new categories and accompanying codes that will be specific to common elementary school settings (e.g., classrooms, gyms, cafeterias). Researchers, including an education specialist, evaluated content validity through in-depth observation of classroom activities prior to the start of tool development. Once potential categories and codes had been determined, these codes were vetted through initial observation periods at schools to ensure completeness of capture for behaviors and settings.
Prior to any formal data collection, informal visits were conducted with several nonparticipating schools. During these visits, researchers observed normal classroom behaviors and circumstances and obtained classroom schedules to develop categories and codes that encompass the activities that take place throughout the entire school day. Based on these preliminary observations, an initial version of the OSRAC -E was developed for further evaluation and development prior to formal pilot testing.
The categories developed specific to the elementary version included: (a) physical settings, (b) instructional settings, and (c) contexts. The complete listing of all categories and codes is provided in the Appendix. These new categories reflected elementary school environmental settings such as cafeterias, libraries, classrooms, gyms, and sports fields. Instructional settings included contexts specific to school-day schedules or classroom activities, such as assemblies, changing classes, homerooms, recesses, and core classes (e.g., math, reading, science). The context category included codes for both indoor and outdoor activities and is used to describe the activities in which observed children participate such as academics, computers, games, playing in open spaces, and transitions.
All of the OSRAC systems operate using a focal child, momentary time-sampling procedure with a 5-s observation interval and 25-s recording interval pattern. For this study, observation periods were set at 20 min, thus yielding a total of 40 observation intervals during the 20-min observation period (i.e., 2 per minute). The length of the observation period can be modified to meet researchers' requirements. For example, some researchers may want to shorten or lengthen the observation interval based on their research question and resources. Observations were coded using Intman observation software on Dell Axim x51 handheld computers. In the OSRAC coding systems, because we were interested in estimates of the highest level of activity and related contextual conditions, the highest level of activity was coded for each 5-s observation interval and all accompanying information was recorded with reference to the highest activity level performed. The accompanying codes were recorded with physical activity level first, followed by the other categories in the order in which they are presented in the Appendix. Thus, a single number (code) was recorded for each category (i.e., physical activity level ¼ 3, physical activity type ¼ 17, physical activity setting ¼ 4, etc.). The percentage of intervals coded as a given code (e.g., Physical Activity Levels 4 and 5) within any category could then be evaluated. Intervals/epochs were not translated into time because the observation window was not the full 30 s, but the 5-s period of a 30-s block. All categories and codes are mutually exclusive, meaning that only one code per category was allowed for each 5-s observation interval.
Participants
To refine the observation system and conduct pilot testing, elementary schools (K -fifth grade) in two school districts in Central South Carolina were invited to participate in the study. Eight schools agreed to participate. The schools represented a range of socioeconomic statuses. Across the eight schools, free/reduced school lunch averaged 39.6% with a range of 13% to 70% of the school populations. The average student population was 622. Racial/ethnic distributions were not reported at the school level. In each school, one classroom per grade (K -fifth grade) was randomly selected to participate, and all students in that classroom were recruited for participation. Two children in each grade at each school were randomly selected to participate from the sample of students (n ¼ 177) who provided both written parental consent and child assent. The study was approved by the Institutional Review Board at the University of South Carolina.
At the first two schools (24 children), the initial version of the OSRAC -E was used during all observations. Based on the observers' experiences and research team discussions, a few modifications to the system were made prior to conducting additional pilot observations. The modifications included the addition or removal of categories and codes based on flow of observation, frequency of observation, and development of code definitions. For example, physical education was removed as a category and instructional setting was added as a category to include physical education and recess, along with core classes and other related arts, among others (see the Appendix). The final version of the OSRAC -E was used for all observations in the remaining six schools (71 children). Complete data, using the final version of the OSRAC-E were available on 71 children. Participants were 64% White, 30% Black, and 6% Other (Asian or Hispanic). Each grade was represented by 12 children, with the exception of second grade, for which 11 children were observed. Boys (n ¼ 39) and girls (n ¼ 32) were equally represented across the six grades.
Observation protocol
Observers spent 1 week at each school to conduct the observations. Similar to previously published OSRAC systems and given observer resources for this pilot study, each child was observed for four 20-min periods (total of 80 min), randomly assigned throughout 1 week at each school. The entire school day was available for selection of observation times. Data were collected throughout the school day to observe both high-and low-active periods. We purposefully oversampled physical education and recess periods to better capture opportunities to observe children being physically active during those school activities. Other class periods included core classes (math, science, language arts, social studies), related arts (foreign language, art, music, chorus, etc.), lunch or snack, and transition times. Observers integrated themselves into the classroom environment by visiting each class prior to conducting observations and by being in the classroom for several minutes prior to an observation period starting. Children did not know who was being observed at any given time. During each observation period, the observer would go wherever the class went including walking in the hallways, to all classes, and on the playground or gym.
The rationale for using 20-min periods was based on the classroom schedules of the participating elementary schools. Each class lasted about 45 min, and therefore, during each class period, two students within that class could be observed. This minimized interruption to the classrooms and allowed for observer transition between classes when needed. Observing 20-min blocks allowed us to observe behaviors adequately while enabling refinement of the system as needed.
Two trained observers collected all of the observation data for this study. Prior to data collection, the two observers were trained using a protocol developed by this research team (Brown et al., 2006) . The data collectors reviewed the training manual, completed quizzes on the components, and completed approximately 5 hr of video observation and coding practice prior to live coding practice. Approximately 20 hr of live simultaneous coding practice, with discussion between observers initially and then without discussion, was performed prior to coding in the study schools. Training continued until the observers achieved interobserver agreement (IOA) of at least 80% in all categories (Brown et al., 2006) .
The observers were seasoned observers and knew to place themselves in position to see and hear the target child but far enough away to not interfere with the behaviors. Observers noted reactivity to observer presence during observation sessions, but no sessions were deemed inappropriate for use in the analysis due to reactivity.
Interobserver agreement
There were 11,360 available observation intervals (i.e., 71 children £ 20 min £ 4 periods £ 2 ¼ 11,360). However, some intervals did not have physical activity level (or other categories) coded due to changes in school schedule, self-care codes resulting in "don't know" for some categories, and/or missing a record interval due to device malfunction or observer inefficiency in entering codes. Removing these intervals resulted in a total of 11,076 intervals. To assess IOA, the two observers independently and simultaneously coded during 88 observation periods (i.e., 32% of the total number of observation intervals; 3,520 out of 11,076 total observation intervals). Reliability was estimated for each session and then averaged. IOA data were evaluated using both Cohen's Kappa statistic and percent agreement. Percent agreement was calculated in addition to Kappa because the distributions of the codes within some categories were variable, restricted, and not always equal, which is an important assumption when using Kappa statistics. Interval-by-interval agreement is presented based on the observation session, where the total number of agreements within each category is divided by the total number of agreements plus disagreements for that category and multiplied by 100 for a resultant percentage (see Table 1 ).
Data analysis
The percent of intervals coded within each category was determined. As with our previously published studies, subsequent analyses were conducted to describe and report the percentage of intervals coded as sedentary (i.e., 1-Stationary or Motionless and 2-Stationary with Limb or Trunk Movements), light physical activity (i.e., 3-Slow-Easy Movements), and moderate-to-vigorous physical activity (MVPA, i.e., 4-Moderate Movements and 5-Fast Movements) for specific physical and social environments (locations, settings, instructional settings, groups, initiators, and prompts). Moderate and vigorous movements were combined to be consistent with the OSRAC-P and OSRAC -H. Differences in physical activity levels during certain instructional settings (core classes, physical education periods, recesses) were examined by unadjusted one-way analysis of variance.
Results
Means, standard deviations, and ranges for Kappa and percentage of agreement for each of the nine observation categories are presented in Table 1 . All of the Kappa statistics are greater than .80, with the exception of activity initiators, indicating adequate levels of IOA within and across observation periods. Furthermore, the interval-by-interval agreement values are 96% or greater, indicating a high level of agreement between observers for all observation categories. Kappa statistics could not be calculated for the prompts for physical activity category because of nonoccurrence.
The numbers of observations per code within each category are presented in Table 2 . Only the codes within each category that were observed during 30 or more intervals are presented. In addition, the percentages of intervals within each code, categorized as sedentary (Activity Level 1 and 2), light physical activity (Activity Level 3), and MVPA (Activity Levels 4 and 5), are listed. It is important to note that some activity types (running, jumping continuously) are always coded as vigorous activity (Level 5). As expected, children exhibited many more intervals of MVPA while outdoors compared with the indoor locations. The overwhelming majority of observation intervals were spent in exclusively sedentary activities, including sitting and standing (84%). Very few Table 3 presents the differences in physical activity levels during three specific instructional settings: classrooms, physical education periods, and outdoor recesses. 
DEVELOPMENT OF THE OSRAC-E
Results indicated a significant difference in the percent of intervals of MVPA during classroom time.
Discussion
Similar to two previous versions of the OSRAC (i.e., OSRAC -P, Brown et al., 2006; OSRAC-H, McIver et al., 2009) , we demonstrated that the OSRAC-E can be employed reliably (i.e., high IOA scores) with children in common elementary school settings. In addition to recording systematic ratings of children's physical activity intensities (e.g., sedentary, light, moderate to vigorous) and the topography of those activity behaviors (e.g., run, walk, sit, stand), well-trained observers also can collect and catalog a rich array of concurrent contextual information including: (a) physical settings, (b) instructional settings, (c) immediate activity contexts, (d) activity initiators, (e) immediate group compositions, and (f) prompts related to activity. These direct observational recordings can provide researchers with detailed contextual information regarding children's physical activity in elementary schools. This type of observational system may augment other methods, such as accelerometry and global teacher ratings of children's physical activity, in school settings and activities. In addition, the system may be used as a primary outcome or as a process evaluation measure to assess implementation of environmental interventions to enhance children's physical activity.
Comparisons to other existing direct observation systems
There are key differences between the OSRAC-E and previous direct observation systems. SOFIT , 2000a) and therefore leave out a large chunk of the school experience for children. These instruments are also not intended to be focal child systems (like the OSRAC-E) and generally use group-based observations by observing multiple children within a single observation window or scanning the setting to document the activity of children within areas during the observation window. The OSRAC -E expands upon previous direct observation instruments by giving researchers the ability to observe children in any setting within the school and to document both the instructional context and environmental context of the activity. The OSRAC-E also captures the intensity level of physical activity and the type, rather than grouping the definitions together, thereby allowing researchers more fine-grained information about what the child is doing, not just the intensity level and type combined. The OSRAC-E allows researchers to capture the behavior and the context associated with the behavior, which is important as schools become more adaptive in adding physical activity to nontraditional settings such as classroom activity breaks, physically active instruction, and open classrooms. As schools move toward more alternative teaching approaches, the OSRAC-E will allow researchers to better assess the physical activity that might occur in any school setting.
Our pilot study provides estimates of elementary school-age children's physical activity in common school contexts. As anticipated, children were sedentary much of the school day and were more physically active only in specific settings and activities, such as gyms and outdoor recess periods. Nevertheless, even in those settings, in which opportunities for physical activity are greatest, a low percentage of observed intervals were MVPA (i.e., 23% for sports fields, 21% for playgrounds, and 15% for physical education classes). In addition, our findings indicate that although schools are potential important venues for physical activity interventions, school staff rarely encouraged children to be physically active (i.e., no prompts to increase activity were observed) and provided very few opportunities for MVPA throughout the school day (i.e., low levels of MVPA during core classes, related arts periods, and homerooms).
Implications for practitioners and researchers
A clear implication of our pilot study is that, similar to the findings of studies on preschool children (Pate et al., 2008) , elementary school children are sedentary most of the day while in school. The American Heart Association recommends that at least 50% of time in physical education classes is spent in MVPA . For that reason, physical education teachers may want to focus more time on activities that promote MVPA, in addition to emphasizing motor skills development.
In addition to the traditional activity targets, teachers and administrators should continue to evaluate potential opportunities to promote and encourage elementary school-age children's physical activity throughout the school day. Specifically, school personnel could employ high-interest and short but intensive MVPA activities (e.g., Take 10 activities and energizers, Mahar et al., 2006; Stewart, Dennison, Kohl, & Doyle, 2004) to enhance children's daily physical activity during class time. We believe that school personnel "ought" (in the philosophical sense) to be proactive and systematic in planning and implementing short MVPA breaks throughout school schedules. The benefits of activity breaks for elementary school-age children await further replication and careful examination for effectiveness by physical activity researchers who are interested in arranging additional physical activity throughout the school schedule at appropriate times of the day.
Limitations
As a pilot study to develop a new direct observation system and evaluate IOA, our study has limitations that need to be acknowledged. Our sample was one of convenience, which may limit generalizability. We recognize the sampling throughout the school day, although systematic, was limited to common elementary school contexts and to a limited number of children.
Obviously, sampling across more schools, time periods, days, and children should result in more representative estimates of children's physical activity than those derived from our pilot study. In addition, our study was not a validation study in which OSRAC-E was correlated with other measures of physical activity. That type of careful examination awaits future replications of the observational system with other measures such as accelerometry and teacher impressions of physical activity. Given our observation protocol of recording the highest level of activity in the 5-s window, these percentages could be overestimates of activity. The system is flexible, however, and researchers can adapt the protocol to fit their research needs by, for example, changing the observation protocol to observe the activity of the longest duration during the observation period. Finally, given the resources in time and training required to become reliable with the OSRAC-E and its sister observational tools, the direct observational protocol is limited to researchers who have significant resources to carefully and systematically study children's physical activity in "real-world" contexts. The careful training of observers, as documented in this study, will protect against observer bias, but it is worth noting that there is the potential for reduced generalizability when a limited numbers of observers are employed.
What does this article add?
We believe that the OSRAC-E provides researchers with a reliable and useful direct observation measure for their "toolbox." The OSRAC-E is well suited to assist investigators in collecting and cataloging a rich array of contextual factors related to elementary school children's physical activity. In addition, it provides reliable information that may be used with other types of measures (e.g., accelerometry, interviews, global rating scales) to obtain multimethod and multisource information about children's physical activity in day-to-day "real-world" contexts. Nevertheless, as mentioned in the Limitations section, direct observation is costly in terms of extensive initial training and periodic booster training is often needed to establish and maintain IOA throughout multiple observations and observers as well as across time. In addition, well-trained observers must maintain a sampling protocol that captures children's physical activity throughout relevant periods of investigation. Although costly to employ, direct observation of children's physical activity continues to prove useful as a method for describing physical activity in complex settings such as preschools, schools, and homes. Moreover, direct observations such as OSRAC-E can be used to evaluate program-, classroom-, and child-level responses to physical activity interventions. Additional investigations of OSRAC-E and its other direct observation systems (i.e., OSRAC-P, OSRAC-H) by other independent research teams will be needed to better establish the usefulness of the measurement systems. In the classroom, including general classrooms, art and music rooms, and other related arts rooms not otherwise covered Gym
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In the library Multipurpose
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Activity initiator codes Brief description
Adult
The activity in which the focal child is involved was directed by an adult. Child
The activity in which the focal child is involved was selected by a child.
Prompts-foractivity codes Brief description
None Adults or peers did not explicitly prompt the focal child to increase or decrease physical activity or a prompt is unrelated to physical activity. TP-I Adult explicitly prompted the focal child to engage in or maintain physical activity. TP-D Adult explicitly prompted the focal child to stop or decrease physical activity. PP-I Peer explicitly prompted the focal child to engage in or maintain physical activity. PP-D Peer explicitly prompted the focal child to stop or decrease physical activity.
Group composition codes Brief description
Solitary Engaging in a solitary activity and not in proximity to peers or adults 1-1 Adult Engaging in an activity with or in proximity to only an adult 1-1 Peer Engaging in an activity with or in proximity to a peer Group Adult
Engaging in an activity with or in proximity to peers and an adult Group Child
Engaging in an activity with or in proximity to peers without an adult
Instructional setting codes Brief description
Art In art class Assembly
In an assembly or other gathering of students (special program) Before School Before school starts Computer
In a computer class or lab Core Class
In core classes including language arts, science, social studies, math, etc.
Dance
In dance class Lunch At lunch or in another eating activity (snack, party, etc.)
Media Arts
In Media Center activities Music
In a music class PE In a physical education class Recess
In a recess period Other Related Arts
In other related arts including languages, special reading/writing programs Other
In other instructional setting not otherwise specified (continued)
